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© Organic electric-field switching device. 

© An organic electric-field switching device has 
transparent or semitransparent upper electrodes (17) 
and second insulating film (14) so as to bias an 
electric field on a hetero-junction membrane (13) 
formed on a lower electrode (12), in which the dop- 
ing speed of a carrier is fast, and the switching 
device can be operated as the solid-state device and 
can be easily formed on a semiconductor made of 
silicon and the like. Therefore, the degree of integra- 
tion of the device can be rapidly increased due to its 
multi layered structure. 
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The present invention relates to a device in 
which a switching operation is made possible by 
means of an electric-field and a light or by means 
of an el ctric-field and, more particularly, to an 
organic electric-field switching device which can be 
easily transformed into a solid state device and has 
a neuro-information processing function of a multi- 
inputs/single output. 

Description of the Related Art 

Conventionally, a field-effect transistor made of 
a conductive polymer material has been employed 
as a device for switching by changing the con- 
ductivity between a source electrode and a drain 
electrode to an organic membrane by means of 
doping of a gas or an ion. In the above conven- 
tional way, the doping is achieved by an elec- 
trochemical method in which an electrolyte solution 
or a solid-state electrolyte is used, or by a method 
in which gas is diffused in an oxidizing gas ambient 
atmosphere. In the conductive polymer material, 
when the amount of a dopant adds in a few percent 
from zero, the conductivity characteristic changes 
dramatically, therefore, the manufacturing of the 
electric-field switching device can be realized by 
controlling the amount or the dopant by means of 
the electric-field. 

FIG. 9 is a schematic diagram of the conven- 
tional organic electric-field switching device which 
utilizes a method of carriers 1 electric-field injection 
into the conductive polymer material, the method of 
which was disclosed by Elizabeth W. Paul, Antonio 
J. Rico, and Mark S. Wrighton, et al. n J. Physical 
Chemistry." 1985, vol. 89, p. 1441. 

In FIG. 9, a source electrode 2 and a drain 
electrode 3 are formed on a substrate and these 
electrodes and the substrate are disposed in a 
container 10. These electrodes are covered with a 
poly-aniline membrane 1 made of a conductive 
material. The container 10 is filled with sodium 
hydrogensulfate electrolyte solution 4. A reference 
electrode 5 containing electrolyte solution therein, 
the source electrode 2 and the drain electrode 3 
are immersed in the sodium hydrogensulfate solu- 
tion 4. 

A description of an operation of the device will 
be given below. When a positive gate-voltage (0 to 
0.3 V) is biased on the poly-aniline membrane, 
through the reference electrode 5 and sodium- 
hydrogensulfate electrolyte solution 4, conductivity 
is changed due to electrochemical oxidation of the 
poly-aniline membrane 1. When the voltage be- 
tween the source electrode 2 and the drain elec- 
trode 3 is gradually swept during the oxidation (0 to 
200 mV, 10 mv/sec), a characteristic of a field- 
effect transistor and the like can be obtained be- 
tween a drain current, which flows between these 



electrodes 2 and 3, and the gate voltage. 

As the conventional organic electric-field 
switching device has the foregoing construction, it 
is difficult to transform this device into a solid-state 
5 device because the electrolyte solution 4 or the 
reference electrode 5, which contains electrolyte 
solution therein, must be employed when the dop- 
ing of the carrier is carried out by an electrochemi- 
cal oxidation-and-reduction of the conductive poly- 

io mer material for enabling switching by utilizing to 
the utmost the variation in conductivity. In addition, 
there has been a problem in that it is difficult to 
enable doping to be performed selectively in a 
plurality of predetermined areas of the conductive 

15 polymer materials by using a plurality of the refer- 
ence electrodes 5 with the result that the multi- 
inputs cannot be converted into a single output 
because the reference electrode 5 biases the same 
level of the voltage on ail of the electrolyte solution 

20 4. 

In order to overcome the above described 
problems, the present invention is aimed at provid- 
ing an organic electric-field switching device which 
can perform a neuro-information function such as a 

25 multi-inputs/single-output function, wherein the de- 
vice can be a solid-state device because the dop- 
ing of the carrier towards the organic membrane is 
enabled without using electrolyte solution, while at 
the same time local doping is made possible be- 

30 cause the plurality of the input electrodes are 
formed. 

To this end, these is provided an organic 
electric-field switching device which comprises a 
lower electrode; a first insulation film formed locally 

35 on the lower electrode; a hetero-junction membrane 
formed on the first insulating film and said lower 
electrode; a second insulating and transparent or 
semitransparent film formed on the hetero-junction 
membrane; a source electrode formed on the 

40 hetero-junction membrane, penetrating the second 
insulating film; a drain electrode formed on the 
hetero-junction membrane, penetrating the second 
insulating film; and a transparent or semitran- 
sparent upper electrode formed on the second 

45 insulating film. 

In the organic electric-field switching device of 
the present invention, the lower electrode and the 
transparent or semitransparent upper electrodes 
are disposed vertically via the insulating film to the 

so junction surface of the hetero-junction membrane 
comprising a plurality of molecular-films having a 
different redox potential, wherein the doping of the 
carrier (an electron or a hole) from the lower- 
electrode or source-electrode to the inside of the 

55 hetero-junction membrane is enabled by biasing 
the voltages between these electrodes and by si- 
multaneously irradiating light on the h tero-junction 
membrane through the transpatent or semitran- 
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sparent upper electrodes and the insulating film. 
Accordingly, in this organic electric-field switching 
device, the speed of carriers is fast, and a dopant 
is not an ion which requires the electrolyte solution 
but an electron or a hole which is the ordinal carrier 
of a solid-state device. Therefore, the organic 
electric-field switching device has a faster switch- 
ing speed than that of a switching device using an 
jon, and it also can be operated as a solid-state 
^device. Furthermore, the organic electric-field 
switching device can be easily formed on a semi- 
conductor made of silicon and the like. Therefore, 
the degree of integration of the device can be 
rapidly increased due to its multi layered structure. 

Furthermore, the multi-inputs/single-output 
function, which is indispensable for the neuro-in- 
formation processing (neural network) which con- 
verts a plurality of the input signals into single 
output signal, can be obtained by disposing the 
plurality of the transparent or semitransparent up- 
per electrodes to control the conductivity between 
the source electrode and the drain electrode by 
means of the plurality of the input signals biased 
each upper electrode. 

Also, there is provided an organic electric-field 
switching device which comprises a lower elec- 
trode; a first insulation film formed locally on the 
lower electrode; a hetero-junction membrane 
formed on the first insulating film and the lower 
electrode; a second insulating film formed on the 
hetero-junction membrane; a source electrode 
formed on the hetero-junction membrane, penetrat- 
ing the second insulating film; a drain electrode 
formed on the hetero-junction membrane, penetrat- 
ing the second insulating film; and an upper elec- 
trode formed on the second insulating film. 

FIG. 1 is a sectional view of an example 1 of an 
organic electric-field switching device according 
to the present invention; 

FIG. 2 is a schematic plan view of the organic 
electric-field switching device shown in FIG. 1; 
FIG. 3 is a schematic plan view of an example 2 
of the organic electric-field switching device ac- 
cording to the present invention; 
FIG. 4 is a schematic plan view of an example 3 
of the organic electric-field switching device ac- 
cording to the present invention; 
FIG. 5 is a schematic plan view of an example 4 
of the organic electric-field switching device ac- 
cording to the present invention; 
FIG. 6 is a sectional view of an example 5 of an 
organic electric-field switching device according 
to the present invention; 

FIG. 7 is a schematic plan view of the organic 
electric-field switching device shown in FIG. 6; 
FIG. 8 is a schematic plan view of an example 6 
of the organic electric-field switching device ac- 
cording to the present invention; and 



FIG. 9 is a sectional configuration view of a 
conventional organic electric-field switching de- 
vice. 

A description of examples of the present inven- 
5 tion will be given below in conjunction with the 
accompanying drawings. 

Example 1 

70 FIGs. 1 and 2 are a sectional view and a 

schematic plan view, respectively, of an example 1 
of the organic electric-field switching device ac- 
cording to the present invention. In these accom- 
panying drawings, top of a lower electrode 11 

75 made of a conductive material such as metal, a 
first insulating film 12 is provided. On top of the 
lower electrode 11 and the insulating film 12, a 
hetero-junction membrane 13 having a molecular- 
film junction with a different redox potential is 

20 formed. The hetero-junction membrane 13 com- 
prises a molecular film 13a, having a certain redox 
potential, and another molecular film 13b having 
redox potential different from that of the molecular 
film 13a. 

25 On the hetero-junction membrane 13. a second 

insulating film 14 having a transparent or semitran- 
sparent characteristic is formed. An insulating film 
made of a long-chain fatty acid such as arachidic 
acid or stearic acid is used as the insulting film 14 

30 for the present invention. A source electrode 15, 
which is made of a conductive material such as 
metal, is provided on the hetero-junction mem- 
brane 13 to locally penetrate through the insulating 
film 14. A drain electrode 16, made of a conductive 

35 material such as metal, is provided on the hetero- 
junction membrane 13 to locally penetrate through 
the insulating film 14. A transparent or semitran- 
sparent upper electrode 17 is formed on the in- 
sulating film 14. A translucent aluminum-electrode 

40 having a thickness of 10 nm or a transparent ITO 
(indium-tin oxide) - electrode, for example, is used 
as the transparent or semitransparent upper elec- 
trode 17. Light 18 emitted from an exterior light- 
source (not shown) is irradiated on the hetero- 

45 junction membrane 13 through the transparent or 
semitransparent upper electrode 17 and the insulat- 
ing film 14. 

The following is a description of a method of 
manufacturing the organic electric-field switching 

so device. 

First, an aluminum deposition film, for example, 
one having approximately 50 to 100 nm thickness, 
is formed as the lower electrode 11 by a vacuum 
deposition method on a substrate (not shown). On 

55 the aluminum deposition film, a Si02 film, for ex- 
ample, one having a thickness of 50 to 100 nm, is 
formed as the insulating film 12 is formed by the 
vacuum deposition or sputtering methods. Then, 
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utilizing to the utmost the fine-processing technol- 
ogy of a semiconductor, a local patterning on the 
insulating film 12 is achieved. On the Si02 film 
formed as the insulating film 12, nine layers of 
hematoporphyrin (IX)-bis (tridecanoylether) Ru(P- 
(OCH 3 )3)2 Br (hereinafter abbreviated as RuHP(ph)- 
r) are laminated by a Langmuir-Blodgett method 
(hereinafter abbreviated as LB method) to form the 
molecular film 13a having redox potential. 

* On the molecular film 13a, due to the molecu- 
lar film 13b having the redox potential different 
from that of the molecular film 13a, ten layers of 7- 
and 8-dimethyl-3, 10-dinonyl isoalloxiazine 
(hereinafter abbreviated as DNI) are laminated by 
the LB method to form the hetero-junction mem- 
brane 13. 

More than ten layers of the transparent or 
semitransparent insulating film 14, which are made 
of long-chain fatty acid such as arachidic acid or 
stearic acid, are formed by the LB method on the 
hetero-j unction membrane 13. Then, etching is ex- 
ecuted locally on the insulating film 14, and the 
source electrode 15 and the drain electrode 16, 
which, for instance, penetrate through the insulating 
film 14 on the aluminum deposition film to- contact 
the molecular film 13b, are formed. At the same 
time the upper electrode 17 is formed on the 
insulating film 14. 

A description of the operation of the organic 
electric-field switching device is given below. 

When voltage is biased between the source 
electrode 15 and the drain electrode 16 while it is 
not biased between the upper electrode 17 and the 
lower electrode 11, a leak current of approximately 
the same level as that of the insulating film 12 and 
14 and having less carriers is observed in the 
hetero-junction mambrane 13. In the next step, 
while a light beam of, for instance, 360 nm or 450 
nm, which are the excitation wave-lengths of the 
DNI, and having a luminous intensity of approxi- 
mately 1 mW/cm 2 is irradiated on the hetero-junc- 
tion membrane 13 through the upper electrode 17 
and the insulating film 14, and while, at the same 
time, the voltage is applied between the upper 
electrode 17 and the lower electrode 11, the volt- 
age is biased between the source electrode 15 and 
the drain electrode 16. 

Then, utilizing to the utmost the internal 
electric-field of the hetero-junction membrane of 
the DNI and RuHP (ph)2, charge-separation and 
charge-transfer which takes an initial procedure of 
a light excitation of the DNI occur and generate an 
increased number of carriers on the hetero-junction 
membrane 13. At the same time, a doping of the 
carries is done from the lower electrode 11 or 
source electrode 15 by the applied voltage such 
that these carriers are accumulated around the 
junction surface of the hetero-junction membrane 
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13. As a result, the number of the carriers in- 
creases, which thus produces better conductivity 
and the increased curr_nt between the source elec- 
trode 15 and the drain electrode 16. The number of 

5 the carriers depends on field intensity or the volt- 
age biased between the upper electrode 17 and 
the lower electrode 11, and also depends on lu- 
minous intensity irradiated through the upper elec- 
trode 17 and the insulating film 14. Therefore, a 

70 current value between the source electrode 15 and 
the drain electrode 16 is controlled by the above 
two parameters. 

Example 2 

75 

FIG. 3 is a schematic plan view of an example 
2 of the organic electric-field switching device ac- 
cording to the present invention. In the example 2, 
a plurality of transparent or semitransparent upper 

20 electrodes are juxtaposed in a row substantially 
padrallel to the source electrode and the drain 
electrode. Namely, in FIG. 3, the plurality of the 
transparent or semitransparent upper electrodes 19 
are disposed in parallel with the source electrode 

25 15 and the drain electrode 16 therebetween. 

When the plurality of input signals are biased 
on each upper electrode 19 as voltages, and si- 
multaneously, when the light which can excite the 
DNI is irradiated on all the upper electrodes 19, 

30 current which corresponds to the sum of the plural- 
ity of these input voltages flows between the 
source electrode 15 and the drain electrode 16. 
Consequently, a multi-inputs/single-output conver- 
sion function, which is one of the essential integral 

35 portion of the neural network for converting the 
plurality of the input signals (voltages) into one 
output signal (current), can be obtained. 

When the distance between the source elec- 
trode 15 and the drain electrode 16, and also 

40 between the respective upper electrodes 19, are 
reduced to an extent of the sub-micron area, the 
doping of carriers on the hetero-junction membrane 
13 under each upper electrode 19 takes place 
when light, which can excite the DNI by penetrating 

45 each upper electrode 19 and the insulating film 14, 
is irradiated on the hetero-junction membrane 13, 
and when voltages are biased on each upper elec- 
trode 19 and the lower electrode 11 at the same 
time. However, as time passes away, the area, 

so where the carriers are doped, extends by diffusion 
from the portion of the hetero-junction membrane 
13 under each upper electrode 19, thus the char- 
acteristic of multi-inputs/single-output conversion 
function is changed into a non-linear characteristic. 

55 Consequently, a function of plasticity which is 

an essential function of the neural network also can 
be obtained, wherein threshold values of current 
flowing between the source electrode 15 and the 

4 
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drain electrode 16 vary in accordance with the 
number of the input signals being biased on each 
upper electrode 19. 

In addition, the input signal can be arbitrarily 
predetermined by selecting the upper electrodes 
which can transmit the irradiated light. 

Example 3 

FIG. 4 is a schematic plan view of an example 
3 of the organic electric-field switching device ac- 
cording to the present invention. As shown in FIG. 
4, in the example 4 a plurality of the transparent or 
semitransparent upper electrodes 20 are juxta- 
posed in a row substantially in series to the source 
electrode 15 and the drain electrode 16 there- 
between. 

When the plurality of input signals are biased 
as the voltage on each upper electrode 20, and at 
the same time when light is irradiated on all the 
upper electrodes 20, current will flow between the 
source electrode 15 and the drain electrode when 
all of the plurality of the input voltages exist, and 
will not flow between the above electrodes when at 
least one input voltage is missing out of the plural- 
ity of the upper electrodes. Consequently, a multi- 
inputs/single-output conversion function, which is 
one of the essential integral portion of the neural 
network for converting the plurality of the input 
signals (voltages) into one output signal (current), 
can be obtained. 

When the distance between the source elec- 
trode 15 and the drain electrode 16, and also 
between the respective upper electrodes 20, are 
reduced to an extent of sub-micron area, the dop- 
ing of carriers on the hetero-junction membrane 13 
under each upper electrode 20 takes place when 
light, which can excite the DNI by penetrating each 
upper electrode 20 and the insulating film 14, is 
irradiated on the hetero-junction membrane 13, and 
when voltages are biased on each upper electrode 
20 and the lower electrode 11 at the same time. 
However, as time passes away, the area, where the 
carriers are doped, extends by diffusion from the 
portion of the hetero-junction membrane 13 under 
each upper electrode 20, thus the characteristic of 
the multi-inputs/single-output conversion function is 
changed into a non-linear characteristic. 

When the distance between the source elec- 
trode 15 and the drain electrode 16, and also the 
distance between the respective upper electrodes 
20, are rather longer to a certain extent, current 
flows between the source electrode 15 and the 
drain electrode 16 only when all the input voltages 
exist. However, when the distance between the 
source electrode 15 and the drain electrode 16, 
and also between the respective upper electrodes 
20, are reduced to an extent of the sub-micron 



area, and, for example, when there are input vol- 
tages in at least seven upper electrodes 20 out of 
ten of these, current flows between the source 
electrode 15 and the drain electrode 16. Conse- 

5 quently, a function of plasticity which is an essen- 
tial function of the neural network can be also 
obtained, wherein threshold values of current flow- 
ing between the source electrode 15 and the drain 
electrode 16 vary in accordance with the number of 

70 the input signals being biased on each upper elec- 
trode 20. 

In addition, the input signals can be arbitrarily 
determined by selecting the upper electrodes 
which penetrate irradiated light. 

Example 4 

FIG. 5 is a schematic plan view of an example 
4 of the organic electric-field switching device. As 

20 shown in FIG. 5, in this example 4, a plurality of 
transparent of semitransparent upper electrodes 21 
are disposed in a matrix form against the source 
electrode 15 and the drain electrode 16. 

When the plurality of input signals are biased 

25 as voltages on each upper electrode 21 having a 
matrix form, and at the same time when light which 
can excite the DNI is irradiated on all of the upper 
electrodes 21, current flows between the source 
electrode 15 and the drain electrode 16 in accor- 

30 dance with the number of rows in series of the 
upper electrodes 21 on which the input voltage has 
been biased only when all of the plurality of these 
input voltage exist against each upper electrode 21 
in the series direction (row-direction) between the 

35 source electrode 15 and the drain electrode 16. 
Consequently, a multi-inputs/single-output conver- 
sion function, which is one of the essential integral 
portion of the neural network for converting the 
plurality of the input signals (voltages) into one 

40 output signal (current), can be obtained. 

When the distance between the source elec- 
trode 15 and the drain electrode 16, and also 
between the respective upper electrodes 21, are 
reduced to an extent of the sub-micron area, the 

45 doping of carriers on the hetero-junction membrane 
13 under each upper electrode 21 takes place 
when light, which can excite the DNI by penetrating 
each upper electrode 21 and the insulating film 14, 
is irradiated on the hetero-junction membrane 13, 

so and when voltages are biased on the each upper 
electrode 21 and the lower electrode 11 at the 
same time. However, as time passes away, the 
area where the carriers are doped extends by 
diffusion from the portion of the hetero-junction 

55 membrane 13 under each upper electrode 21, thus 
the characteristic of the multi-inputs/single-output 
conv rsion function is changed into a non-linear 
characteristic. 

5 
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When the distance between the source elec- 
trode 15 and the drain electrode 16, and also 
between the respective upper electrodes 20, are 
rather longer to a certain extent, a current value 
between the source electrode 15 and the drain 
electrode 16 is determined by the relation of a 
series direction in the matrix form. However, when 
the distance between the source electrode 15 and 
the drain electrode 16, and also between the re- 
spective upper electrodes 21, are reduced to an 
extent of the sub-micron area, current flows in 
accordance with the ratio of the number of the 
upper electrodes 21 which actually received the 
input voltage to the number of the upper electrodes 
21 of th matrix form. Consequently, a function of 
plasticity which is an essential function of the neu- 
ral network can be also obtained, wherein threshold 
values of current flowing between the source elec- 
trode 15 and the drain electrode 16 vary in accor- 
dance with the number of the input signals being 
biased on each upper electrode 21 . 

In addition, the input signals can be arbitrarily 
determined by selecting the upper electrodes 
which penetrate irradiated light. 

In the organic electric-field switching device of 
the present invention, the speed of carriers are fast, 
and a dopant is not an ion which requires the 
electrolyte solution but an electron or a hole which 
is the ordinal carrier of a solid-state device. There- 
fore, the organic electric-field switching device has 
faster switching speed than that of a switching 
device using an ion, and also can be operated as a 
solid-state device. Furthermore, the organic 
electric-field switching device can be easily formed 
on a semiconductor made of silicon and the like. 
Therefore, the degree of integration of the device 
can be rapidly increased by its multilayered struc- 
ture, and also, the multi-inputs/single-output func- 
tion, which is indispensable for the neuro-informa- 
tion processing (neural network) which converts a 
plurality of the input signals into single output sig- 
nal, can be obtained. At the same time, a function 
of plasticity which is an essential function of the 
neural network can be also obtained. 

Example 5 

FIGs. 6 and 7 are a sectional view and a 
schematic plan view, respectively, of an example of 
the organic electric-field switching device accord- 
ing to the present invention. In these accompany- 
ing drawings, top of a lower electrode 11 made of a 
conductive material such as metal, a first insulating 
film 12 is provided. On top of the lower electrode 
11 and the insulating film 12, a hetero-j unction 
membrane 13 having a molecular-film junction with 
a different redox potential is formed. The hetero- 
junction membrane 13 comprises a molecular film 
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13a, having a certain redox potential, and another 
molecular film 13b having redox potential different 
from that of the molecular film 13a. 

On the hetero-junction membrane 13, a second 

5 insulating film 14a is formed. A source electrode 
15, which is made of a conductive material such as 
metal, is provided on the hetero-junction mem- 
brane 13 to locally penetrate through the insulating 
film 14a. A drain electrode 16, made of a conduc- 

io tive material such as metal, is provided on the 
hetero-junction membrane 13 to locally penetrate 
through the insulating film 14a. An upper electrode 
17a, made of a conductive material such as metal, 
is formed on the insulating film 14a. 

is The following is a description of a method of 

manufacturing the organic electric-field switching 
device. 

First, an aluminum deposition film, for example, 
one having approximately 50 to 100 nm thickness, 

20 is formed as the lower electrode 11 by a vacuum 
deposition method on a substrate (not shown). On 
the aluminum deposition film, a Si02 film, for ex- 
ample, one having a thickness of 50 to 100 nm, is 
formed as the insulating film 12 is formed by the 

25 vacuum deposition or sputtering methods. Then, 
utilizing to the utmost the fine-processing technol- 
ogy of a semiconductor, a local patterning on the 
insulating film 12 is achieved. On the Si02 film 
formed as the insulating film 12, nine layers of 

30 hematoporphyrin (IX)-bis (tridecanoylether) Ru(P- 
(OCH 3 )3)2 Br (hereinafter abbreviated as RuHP(ph)- 
2) are laminated by a Langmuir-Blodgett method 
(hereinafter abbreviated as LB method) to form the 
molecular film 13a having redox potential. 

35 On the molecular film 13a, due to the molecu- 

lar film 13b having the redox potential different 
from that of the molecular film 13a, ten layers of 7- 
and 8-dimethyl-3, 10-dinonyl isoalloxiazine 
(hereinafter abbreviated as DNI) are laminated by 

40 the LB method to form the hetero-junction mem- 
brane 13. 

More than ten layers of the insulating film 14a, 
which are made of long-chain fatty acid such as 
arachidic acid or stearic acid, are formed by the LB 

45 method on the hetero-junction membrane 13. Then, 
etching is executed locally on the insulating film 
14a, and the source electrode 15 and the drain 
electrode 16, which, for instance, penetrate through 
the insulating film 14a on the aluminum deposition 

50 film to contact the molecular film 13b, are formed. 
At the same time the upper electrode 17a is 
formed on the insulating film 14a. 

A description of the operation of the organic 
electric-field switching device is giv n below. 

55 When voltage is biased between the source 

electrode 15 and the drain electrode 16 while it is 
not biased between the upper electrode 17a and 
the lower electrod 11, a leak current of approxi- 

6 
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mately the same level as that of the insulating film 

12 and 14a and having less carriers is observed in 
the hetero-junction mambrane 13. In the next step, 
the voltage is applied between the upper electrode 

17a and the lower electrode 11, the voltage is 5 
biased between the source electrode 15 and the 
- drain electrode 16. 

Then, a doping of the carries is done from the 
lower electrode 11 or source electrode 15 by the 
^applied voltage such that these carriers are accu- 10 
mulated around the junction surface of the hetero- 
junction membrane 13. As a result, the number of 
the carriers increases, which thus produces better 
conductivity and the increased current between the 
source electrode 15 and the drain electrode 16. 75 
The number of the carriers depends on field inten- 
sity or the voltage biased between the upper elec- 
trode 17a and the lower electrode 11. Therefore, a 
current value between the source electrode 15 and 
the drain electrode 16 can be controlled by the 20 
biased voltage. 

Example 6 

FIG. 8 is a schematic plan view of an example 25 
6 of the organic electric-field switching device ac- 
cording to the present invention. In the example 6, 
a plurality of upper electrodes 19a are juxtaposed 
in a row substantially padrallel to the source elec- 
trode 15 and the drain electrode 16. Namely, in 30 
FIG. 8, a plurality of upper electrodes 19a are 
disposed, in parallel with the source electrode 15 
and the drain electrode 16 therebetween. 

When the plurality of input signals. are biased 
on each upper electrode 19a as voltages, current 35 
which corresponds to the sum of the plurality of 
these input voltages flows between the source 
electrode 15 and the drain electrode 16. Conse- 
quently, a multi-inputs/single-output conversion 
function, which is one of the essential integral por- 40 
tion of the neural network for converting the plural- 
ity of the input signals (voltages) into one output 
signal (current), can be obtained. 

When the distance between the source elec- 
trode 15 and the drain electrode 16, and also 45 
between the respective upper electrodes 19a, are 
reduced to an extent of the sub-micron area, the 
doping of carriers on the hetero-junction membrane 

13 under each upper electrode 19a takes place 
when light, which can excite the DNI by penetrating 50 
each upper electrode 19a and the insulating film 

14, is irradiated on the hetero-junction membrane 
13, and when voltages are biased on each upper 
electrode 19a and the lower, and the lower elec- 
trode 11 at the same time. However, as time 55 
passes away, the area, where the carriers are dop- 
ed, extends by diffusion from the portion of the 
hetero-junction membrane 13 und r each upper 



electrode 19a, thus the characteristic of multi- 
inputs/single-output conversion function is changed 
into a non-linear characteristic. 

Consequently, a function of plasticity which is 
an essential function of the neural network also can 
be obtained, wherein threshold values of current 
flowing between the source electrode 15 and the 
drain electrode 16 vary in accordance with the 
number of the input signals being biased on each 
upper electrode 1 9a. 

Claims 

1. An organic electric field switching device com- 
prising: 

a lower electrode (1 1 ); 

a first insulating film (12) formed locally on 
said lower electrode (11); 

a hetero-junction membrane (13) formed 
on said first insulating film (12) and said lower 
electrode (11); 

a second insulating film (14, 14a) formed 
on said hetero-junction membrane (13); 

a source electrode (15) formed on said 
hetero-junction membrane (13), penetrating 
said second insulating film (14, 14a); 

a drain electrode (16) formed on said 
hetero-junction membrane (13), penetrating 
said second insulating film (14, 14a); and 

at least one upper electrode (17, 17a) 
formed on said second insulating film (14, 
14a). 

2. A device as claimed in Claim, 1 characterized 
in that the second insulating film (14) is a 
transparent or semitransparent film, and the 
upper electrode (17) is a transparent or semi- 
transparent electrode. 

3. A device as claimed in Claim 1 or Claim 2, 
characterized in that the hetero-junction mem- 
brane (13) comprises a plurality of molecular 
films (13a, 13b) having different redox poten- 
tials. 

4. A device as claimed in any one of the preced- 
ing claims, characterized in that the or each 
upper electrode (17, 17a) is provided between 
the source electrode (15) and the drain elec- 
trode (16). 

5. A device as claimed in any one of the Claims 
1 to 3, characterized in that the device in- 
cludes a plurality of upper electrodes (17, 17a) 
positioned in a row substantially parallel to and 
between the source and drain electrodes (15, 
16). 
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6. A device as claimed in any one of the Claims 
1 to 3, characterized in that the device in- 
cludes a plurality of upper electrodes (17, 17a) 
positioned in a row substantially perpendicular 

to and between the source and drain elec- 5 
trodes (15, 16). 

7. A device as claimed in anyone of the Claims 1 
to 3, characterized in that the device includes 

* a plurality of upper electrodes (17, 17a) posi- to 
tioned in a matrix form between the source 
and drain electrodes (15, 16). 



75 



20 



25 



30 



35 



40 



45 



50 



55 



8 



DCID: <EP 054666 5A2J_> 



EP 0 546 665 A2 



FIG. I 




3CID: <EP 0546685A2 I > 



9 



EP 0 546 665 A2 



FIG. 3 





OUTPUT SIGNAL 



777777 



FIG. 4 




20 20 




OUTPUT SIGNAL 



DCID: <EP 054666 5A2_I_> 



10 




)CID: <EP 0546665A2_L> 



11 



EP 0 546 665 A2 



FIG. 6 




12 



EP 0 546 665 A2 




-inn <eo rt^jAAASA? i 



13 



EP 0 546 665 A2 



FIG. 9 

PRIOR ART 




0546665A2J _> 



14 



Europaisches Patentarnt 
European Patent Office 
Offic europeen d s brevets 



© Publication number: 



mil 

0 546 665 A3 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 92309581.4 


int. CI. 5 : H01L 29/784, H01L 29/28 


® Date of filing: 20.10.92 




Q) Priority: 09.12.91 JP 324739/91 


Amagasaki-shi, Hyogo-ken(JP) 


12.06.92 JP 153798/92 


Inventor: Isoda, Satoru, c/o Mitsubishi Denki 




K.K. 


@ Date of publication of application: 


Chuo Kenkyusho, 


16.06.93 Bulletin 93/24 


1-1, Tsukaguchihonmachi 8-chome 


® Designated Contracting States: 


Amagasaki-shi, Hyogo-ken(JP) 


Inventor: Ueyama, Satoshi, c/o Mitsubishi 


DE FR GB 


Denki K.K. 


(§) Date of deferred publication of the search report: 


Chuo Kenkyusho, 


1-1, Tsukaguchihonmachi 8-chome 


10.1 1.93 Bulletin 93/45 


Amagasaki-shi, Hyogo-ken(JP) 




inventor: Nishikawa, Satoshi, c/o Mitsubishi 




Denki K.K. 


© Applicant: MITSUBISHI DENKI KABUSHIKI 


Chuo Kenkyusho, 


KAISHA 


1-1, Tsukaguchihonmachi 8-chome 


2-3, Marunouchi 2-chome 


Amagasaki-shi, Hyogo-ken(JP) 


Chiyoda-ku 




Tokyo(JP) 


<2> Representative: Carpenter, David et al 


@ Inventor: Hanazato, Yoshio, c/o Mitsubishi 


MARKS & CLERK 


Denki K.K. 


Alpha Tower 


Chuo Kenkyusho, 


Suffolk Street Queensway 


1-1, Tsukaguchihonmachi 8-chome 


Birmingham B1 1TT (GB) 



@ Organic electric-field switching device. 



CO 
< 

m 

CO 
CD 

CO 
Lf> 



© An organic electric-field switching device has 
transparent or semitransparent upper electrodes (17) 
and second insulating film (14) so as to bias an 
electric field on a hetero-junction membrane (13) 
formed on a lower electrode (12), in which the dop- 
ing speed of a carrier is fast, and the switching 
device can be operated as the solid-state device and 
can be easily formed on a semiconductor made of 
silicon and the like. Therefore, the degree of integra- 
tion of the device can be rapidly increased due to its 
multi layered structure. 
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